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ABSTRACT 



A vacuum insulating glass (IG) unit and method of making 
the same. At least a first edge seal portion is provided on at 
least one of two glass substrates prior to tempering. When 
the substrate(s) are thermally tempered, the tiigb tempering 
temperatures achieved cause the first seal portion to diffuse 
into or bond to the substrate. Thereafter, after substantial 
cooling of the substrate(s) and during assembly of the 
vacuum IG unit, a secondary heating is performed to form 
a hermetic edge/peripheral seal using at least the first seal 
portion (additional seal material(s) may be applied in certain 
embodiments before the secondary heating step). 

5 Claims, 9 Drawing Sheets 
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VACUUM IG WINDOW UNIT WITH houis (from 1 to 1,000 bouis), while the Y-axis is indicative 

PERIPHERAL SEAL AT LEAST PARTIAIX.Y of the perotntage (%) of original temperiag strength temain- 

DIFFUSED AT TEMPER ing after exposuie. FIG. 4 is a graph similar to FIG. 3, except 

that the X-axis extends fiom 0 to 1 hour exponentially. 

RELATED APPUCAnONS 5 Seven diflferent curves are illustrated in FIG. 3, eadi 

Commonly owned U.S. Ser. No. 09/303^50 entiUed H'f "'iy^ ^^^^^ temperature exposure in degrees 

"VACUUM IG PILLAR WITH DLC COAHNG" filed May l^J"^^'' '^^^1,^^ ZH'^^oT 

3. 1999 pending, and Ser. No. 09/348,281 entitled ^^o^-<Z^J'~J^;^''"^o^!nh>'^ ' f 

"PERIPHERAL SEAL FOR VACUUM IG WINDOW ,„ ^P^J^f^ ""^ f 

UNIT filed Jul. 7. 1999 pending, are both hereby incon,o- '° '^'^ ^ f,'V^:,t''"^^'T"' «l";valent to 

. J u • i_ * approximately 482 C, which is withiD the range utilized for 

rated herein by reference. • 41. p ,1 *• 1 1^ 1 • u 1 

' lonniDg the aioresaid conventional solder glass penpheral 

BACKGROUND OF THE INVENTION seal/joint 4. Thus, attention is drawn to the 900° R curve in 

FIG. 3, labeled by reference numeral 18. As shown, only 

Vacuum IG units are known in the ait. For example, see 15 20% of the original temper remains after one hour at this 

U.S. Pat. Nos. 5,664395, 5,657,607, 5^91^36 and 5,902, temperature (900** F. or 482** C). Such a loss of temper 

652, the disclosures of which are all hereby incorporated strength may result in certain window units not being able to 

herein by reference. pass safety codes set for environments where tempered glass 

Prior art FIGS. 1-2 illustrate a conventional vacuum IG is desirable. 

uniL IG unit 1 includes two ^accd apart sheets of filass 2 ^ Still referring to FIGS. 3-4, it is noted that much better 

and 3 which enclose an evacuated or low pressure space temper strength remains in a thermally tempered glass sheet 

therebetween. Glass sheets 2 and 3 are interconnected by when it is heated to a temperature of 800^ F. (i.e. about 428^ 

peripheral or edge seal of fused solder 4 and an array of C.) for one hour (as opposed to 900° F. for one hour). Such 

support pillars 5 . " a glass sheet retains about 70% of its original temper 

Pump out tube 8 is hermeticaUy sealed by solder glass 9 ^ strength after one hour at 800* F., which is significantly 

to an aperture or hole 10 which passes firom an interior *>etter than the less than 20% when at 900** F. for the same 

surface of glass dieet 2 to the bottom of recess 11 in the period of time. 

exterior face of sheet 2. A vacuum is attached to pump out It is apparent from the above that there exists a need in the 

tube 8 so that the interior cavity between sheets 2 and 3 can art for a vacuum IG unit, and corresponding method of 

be evacuated to create a low pressure area. After evacuation, making the same, where a hermetic seal may be provided 

tube 8 is melted to seal the vacuum. Recess 11 retains melted between opposing glass sheets without thermally tempered 

and sealed tube 8. Chemical getter 12 may optionally be glass sheet(s) of the unit losing more than about 50% of their 

included within machined recess 13. original temper strength. There also exists a need in the art 

Cbnventional vacuum IG units, with their fused solder 35 for ^ vacuum IG unit including tempered glass sheets, 

glass pcr^heral seals 4, have been manufactured as foUows wherein the peripheral seal is formed such that the glass 

when the upper glass sheet is slightly smaller in dimension sheets retain more of their original temper strength than with 

than the lower sheet. Solder glass is initially deposited conventional vacuum IG manufacturing techniques. There 

around the periphery of the IG unit in an L-shaped step or also exists a need in the art to decrease post-tempering 

comer that is formed by virtue of the upper sheet being ^ processing time, and to reduce the approximate 8 hour 

slighUy smaller in dimension than the lower sheet (not Period which is now believed to be necessary to properly 

shown in FIGS. 1-2). The entire assembly inHnHinp ^hn et^; cause edge seal solder glass material to diffuse into or bond 

2 ^3 and the solder glass seal material is then he.^teA to a ^ glass substrate(s). It is a purpose of this invention to fulfill 

temperature of approximately 500° C. at which the solder any and/or all of the above listed needs in the art 

plass melts we ts the surfaces of t he glass sheets, and flow s 45 This invention will now be described with respect to 

into the space bet\<^g5ri' the sheets torming hermftj ^' ^ p erifF^. certain embodiments thereof, accompanied by certain illus- 

eral seal 4. This approximate 500° C. temperature is main- trations. 

tained tor trom about one to eight hours (it has recendy been cuxmxma r» v ^t- t-t ft- ¥xn /r'^rrr/AxT 

r -1 *u . r u . • fTu . • * 1 *u- SUMMARY OF THE INVENTION 
found that a time of about eight hours at approximately this 

temperature is preferred to properly bond solder glass seal 50 An object of this invention is to provide a vacuum IG unit 

material to the glass substrate(s)). After formation of having a peripheral or edge seal, wherein the peripheral/edge 

peripheral/edge seal 4 and of the seal around pump out tube seal is formed so that thermally tempered glass sheets of the 

8, the assembly is cooled to room temperature. unit retain more of their original temper strength than if 

— Unfortunately, these 500° C temperatures and multi-hour conventional seal forming techniques were used with the 

periods over which such temperatures are maintained in 55 same seal material. 

forming edge seal 4 are undesirable, especially when it is Another object of this invention is to provide a vacuum IG 

desired to use a tempered glass sheet in the I G imit. unit (and method of making the same), wherein the resulting 

Tempered glass loses temper strength upon exposure to high thermally tempered glass sheet(s) retain at least about 50% 

temperatures as a function of heating time as shown in FIGS. of their original temper strength after formation of the unit. 

3-4. Moreover, high temperatures may have an adverse 50 An object of this invention is to provide an edge seal for 

effect upon certain low-E coating(s) that may be applied to a vacuimi IG unit, wherein the edge seal does not requ ire 

one or both of the glass sheets. processing temperatures greater than about 45tr i; « otner 

FIG. 3 is a graph illustrating how fully thermally tem- than dunng tempermg. 

pered plate glass loses original temper upon exposure to Yet another object of this invention is to, in the manu- 

different temperatures for different periods of time, where 65 facture of a vacuum IG unit, provide or deposit at least an 

the original center tension stress is 3,200 MU per inch. The initial portion of the edge seal on one or both ot the gla ss 

X-axis in FIG. 3 is exponentially representative of time in substrates prior to temper, and thereafter use the heat in the 
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temperipg fiimace/oven to cause the initial edge seal portio n 
to~dilfaisc ilim 01 boQ^ lo IDC glass diirinfi tsmpermg . In 
certain empoaiments, this pennits lower processing te m- 
peratures to be used thereafter to form the peripheral/edge 
seal because hipher temperatures are typically needed to 
cause solder elass seal material to diffuse into or t>ond to 
glass substrate(s) than are needed to cause such material t o 
bond to another piece of the same material. 

Another object of this invention is to reduce the amount 
of post-tempering heating time necessary to form a 
penpheral/edge seal in a vacuum IG unit. 

Another object of this invention is lo reduce post- 
tempering maximum temperatures needed to form a 
peripheral/edge seal in a vacuum IG unit. 

Another object of this invention is to fulfill any and/or all 
of the above-listed objects. 

Generally faking, this invention fulfills any or all of the 
above described needs by providing a method of making a 
window unit comprising the steps of: 

providing first and second glass substrates; 

providing a first seal material portion on at least one of the 
substrates; 

thermally tempering the at least one substrate with the 

first seal material portion thereon; 
following said tempering step, providing a plurality of 

^aceis between the first and second substrates; 
heating the first seal material portion to a seal forming 

temperature less than a maximum temperature 

achieved during said tempering step in forming a seal 

that defines a sealed space between the substrates; and 
causing the sealed space to be at a pressure less than 

atmospheric pressure. 
This invention further fulfills any or all of the above 
described needs by providing a method of makiiig a window 
unit comprising the steps of: 
providing first and second glass substrates; 
providing a first seal material portion on at least one of the 

substrates; 

thermally tempering the at least one substrate with the 
first seal material portion thereon, said tempering step 
including heating the at least one substrate to a' tem- 
perature of at least about 535° C; 

following said tempering step, providing at least one 
spacer between the first and second substrates; and 

heating the ficst seal material portion to a seal forming 
temperature of less than about 450 degrees C in a 
post-tempering heating step in forming a seal that 
defines a sealed space between the substrates. 

This invention still further fidfills any or all of the above 
described needs in the art by providing an insulating glass 
0G) window imit comprising: 

first and second glass substrates spaced from one another 
so as to define a low pressure space therebetween, said 
low pressure ^ace having a pressure less than atmo- 
spheric pressure; and 

a hermetic seal disposed between said substrates sealing 
said low pressure ^ace from surrounding atmosphere 
so as to maintain pressure less than atmospheric pres- 
sure in said space, and wherein at least a portion of said 
hermetic seal boiKls to one of said substrates during 
thermal tempering of said one of said glass substrates. 

IN THE DRAWINGS 

FIG. 1 is a prior art cioss-sectiooal view of a conventional 
vacuum IG unit. 
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FIG. 2 is a prior art top plan view of the FIG. 1 vacuum 
IG unit, taken along the section line illustrated in FIG. 1. 

FIG. 3 is a graph correlating known time (hours) vs. 
percent tempering strength remaining, illustrating the loss of 
5 original temper strength for a thermally tempered sheet of 
glass after exposure to diffierent temperatures for different 
periods of time. 

FIG. 4 is graph oorreleating a known time vs. percent 
tempering strength remaining. 
10 FIG. 5 is a side cross sectional view of a pair of glass 
substrates after thermal tempering according to an embodi- 
ment of this invention, wherein initial peripheral seal mate- 
rial was applied to each substrate prior to tempering so that 
the heat utilized during tempering caused the initial seal 
is material to diffuse into or bond to the reactive glass 
substrate(s). 

FIG. 6 is a side cross sectional view of part of a vacuum . 
IG window uinit made by sandwiching an array of pillars/ 
spacers between the FIG. 5 substrates and heating the unit 
20 while pressing the substrates toward one another so that the 
oppoiang heat-softened seal lumps or masses are pressed 
together to form the peripheral/edge seal. 

FIG. 7 is a side cross sectional view, according to another 
embodiment of this invention, of a vacuum IG imit after 
^ tempering but before an additional portion of peripheral/ 
edge seal material has been provided thereon. 

FIG. 8 is a side cross sectional view of the FIG. 7 vacuum 
IG unit after the additional portion of peripheral/edge seal 
material has been provided thereon but before secondary 
heating. 

FIG. 9 is a side cross sectional view of a vacuum IG unit 
according to the FIGS. 7-S embodiment after the peripheral/ 
edge seal has been formed. 

FIG. 10 is a side cross sectional view, according to 
another embodiment, of a vacuiun IG unit after tempering 
but before an additional portion of peripheral/edge seal 
material has been provided thereon. 

FIG. 11 is a side cross sectional view of the FIG. 10 
^ vacuum IG unit after the additional portion of peripheral/ 
edge seal material has been provided thereon but before 
secondary heating. 

FIG. 12 is a side cross sectional view of a vacuum IG unit 
according to the FIGS. 10-11 embodiment after the 
45 peripheral/edge seal has been formed. 

FIG. 13 is a side cross sectional view, according to yet 
another embodiment, of a vacuum IG unit after tempering 
but before an additional portion of peripheral/edge seal 
material has been provided thereon. 
50 FIG. 14 is a side cross sectional view of the FIG. 13 
vacuiun IG unit after the additional portion of peripheral/ 
edge seal material has been provided thereon but before 
secondary heating. 

FIG. 15 is a side cross sectional view of a vacuima IG unit 
55 according to the FIGS. 13-14 embodiment after the 
pcrq)heral/edge seal has been formed. 

FIG. 16 is a flow chart illustrating certain steps performed 
according to any of the FIGS. 7-15 embodiments of this 
invention. 

^ FIG. 17 Ls a flow chart illustrating certain steps performed 
according to the FIGS. 5-6 embodiment of this invention. 

DETAILED DESCRIPTION OF CERTAIN 
EMBODIMENTS OF THIS INVENTION 

65 Referring now more particularly to the accompanying 
drawings in which like reference numerals indicate like parts 
throughout the several views. 



us 6,336,984 Bl 

5 6 

Certain embodiments of this invention relate to an tion in the number of piUais may enhance the thermal 

improved peripheral or edge (i.e. peripheral/edge) seal in a insulation properties of vacuum IG unit 31. In preferred 

vacuum IG window unit, and/or a method of making the embodiments of this invention, the glass sheets arc ther- 

same, "ftripheral" and "edge" seals herein do not mean that m^lly tempered prior to the step of sandwiching the pillars 

the seals are located at the absolute periphery of the unit, but 5 therebetwccen. 

instead mean that the seal is at least partially located at or According to certain embodiments of this invention, the 

near (e.g. within about two inches) an edge of at least one glass used for substrates 33 and 35 is soda lime silica glass, 

substrate of the unit. comprising by weight 70-74% silicon oxide, 12-16% by 

^ . ' • I • 11 • 1 weight sodium oxide, 7-12% lime (CaO), 0-5% MgO, 

FIG. 6 IS a cross sectional view of thermaUy msulating ^0% iron o^de. However, oLr 

g^asspanelSlaccordingtoanembodimeDtof thisinvenuon. 10 ^^^^ ^^^^^ may also be used (e.g. 

Because intcnor ^ace 37 between the opposing substrates is borosflicate glass). Glass sheets 33 and/or 35 may be from 

at a pressure lower than atmosphenc in general, this type of ^^out 1 to 4.5 mm thick each, preferably from about 2-3 mm 

panel is often referred to as a vacuum insulating glass (IG) thick each. However, when tempered, thinner glass sheets 

33, 35 may be used (e.g. from about 1 to 3 mm thick, more 

Vacuum IG unit or panel 31 includes first glass substrate preferably from about 1.7 to 2.3 mm thick). The use of 

33, second glass substrate 35, low pressure or evacuated thinner substrates 33, 35 may provide for improved 

space 37 between substrates 33 and 35, spacers/pillars 39 for thermal behavior (e.g. reduced edge conduction), 

spacing the substrates 33, 35 from one another and support- In the FIGS. 5-6 emboditnent, wet (or liquid) peripheral/ 

ing them, optional pump out tube (not shown) disposed in a edge seal material 46, 48 in slurry fr)rm is deposited or 

hole or aperture formed in substrate 33 for evacuating space ^ provided on each substrate 33, 335 prior to tempering in the 

37, and peripheral or edge seal 43 that hermetically seals low locations shown in FIG. 5 (although FIG, 5 shows seal 

pressure space 37 between substrates 33, 35. Hermetic edge PO^o^s ^6 48 after tempering). Initial ^uny portions 46, 

seal 43 prevents air from entering space 37 and keeps the ^^f"^ P«>^^?d ^^^^^ ^ be the intenor major surfaces 

vacuum therein. Seal 43 in certain embodiments may be of the respecl^ve^ass substrates 33, 35, 

located in approximate the same location as edg. seal 4 - tk.lZ^^%:El^Zf^^^ 

s own m tween during the assembly process. In certain embodiment s. 

Vacuum IG units 31 according to different embodiments material 46, 48 when first applied on the substrates is a wet 

of this invention may be used as residential or commercial shirrv of solder glass powder f e.g. Powder Material Model 

windows. The evacuation of ^ace 37 eliminates or reduces ^ 7555 solder glass obtained from Electro-Glass, Mammoth, 

heat tran^ort between glass substrates 33 and 35 due to Pa. mixed in solvent (e.g. Model F1016AJ04 frit lacquer 

gaseous conduction and convection. In addition, radiative solvent obtained from Pierre & Stevens Corp., Buffalo, 

heat transport between glass sheets 33 and 35 can be reduced N.Y.). 

to a low level by providing a low emittance (low-E) coating Glass substrates 33 and/or 35 with initial seal slurry 
(s) on the internal surface of one or both of sheets 33, 35. 3^ portions 46. 48 thereon are then tempered in a fiirnace(s) 
High levels of thermal insulation can thus be achieved. Low which heats the products to an approximately uniform 
gaseous thermal conduction may be achieved when the temperature of about 1200** F. (e.g. from about 1000" to 
pressure in space 37 is reduced to a level below about 10"^ 1500^ R, preferably from about 1100** to 1400** F.) for a 
Ton; more preferably below about 1.0 mTorr, or 10"^ Torr, period of from about 2-5 minutes (depeding upon the type 
and most preferably below about 10~* Torr of atmospheric ^ and/or thickness of any coating(s) on the substrate). Thus, 
pressure. To maintain such low pressures, the internal sur- during tempering, the glass is healed to a maximum tem- 
faces of glass substrates 33 and 35 may be outgassed, and perature of at least about 535** C. (i.e. 1,000** F.). This 
areas at or near the edges or peripheries of substrates 33, 35 heating during glass temper causes initial solder alass se al 
arc hermetically sealed together by seal 43 that eliminates material 46. 48 to diffuse into or bond to the respective glas s 
any ingress of gas or air. substrate upon which the material is located. The slurry 
Still referring to FIG. 6, an array of small, high strength ^Ivent ol mitial portions 46, 48 is typically a volatile or 
support pillars 39 is provided between substrates 33 and 35 .semi-volatile component which evaporates during the dry- 
in order to maintain separation of the two approximately ing of the sealing material slurry during temper. Solder glass 
parallel glass sheets against atmospheric pressiu-e. It is often seal portions or masses 46 and 48 shown in FIG. 5 ye left 
desirable, for pillars 39 to be suflBciently small so that they 50 f ollowing tempermg. 

arc visibly unobtrusive. In certain embodiments, each pillar Wlieo glass witb mitial seal portion 46, 48 thercon exits 

may have a height of from about 0.10 to 0.30 nun. Pillars the tempering furnace, it is raq^idly cooled by a series of air 

may be made of solder glass, ceramic, or metal in different nozzles. This rapid cooliiig puts approximately 20% of the 

embodiments of this invention. glass surface of each substrate into a state of compression, 

Tempercd glass 33 and/or 35 is valued for its mechanical 55 with the center core in tension. Tempered glass gains 

and thermal strength. Tempered glass has been used tradi- strength from the compressed surfaces. If the surface is 

tionally in commercial applications where wind, snow or penetrated by a scratch or an impact, the glass may break 

thermal loads exceed the strength capabilities of other glass into a number of small particles. In certain embodiments of 

and/or where tempered glass is mandated by code (e.g. this invention, when substrates 33 and/or 35 are heal 

safety glazing for entranceways, railings, or fire knockout 60 tempered, they may have up to approximately four limes the 

windows). In certain preferred embodiments of this mechanical and/or thermal strength of annealed glass of 

invention, glass sheets 33 and 35 arc thermally or heal equal thickness. Break patterns of tempered glass herein are 

tempercd. By providing tempercd glass sheets as substrates typically governed by and comply with Consumers Product 

33 and 35, the strength of the glass sheets is increased. This Safety Commission 16 CFR 1202 and ANSI Z-97.1, both 

allows pillars to be spaced further apart, which increases 65 incorporated herein by reference. 

stresses at the glass/pillar interface(s) but potentially results Thus, following tempering, each substrate 33, 35 includes 

in less pillars being utilized in the vacuum IG unit. Reduc- a portion (e.g. hump or mass as shown in FIG. 5) 46, 48 of 
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seal material thereon that is bonded to the underlying than would otherwise be required may be used post-temper 

substrate. The two FIG. 5 substrates are then brou&ht to form seal 43 thereby enabling substrates 33, 35 to retain 

together to sandwich spacers/pillars 39 therebetween and more of their original temper strength than would otherwise 

initial seal poriions 46 and 4» on the opposing substrates are have been possible using conventional methods; and/or (iii) 
approximately aligned witn and contact one anothe r. 'fEc~ 5 shorter post-temper heating cycle time may be used to form 

substrates and contacting seal portions 46^ 4H are then he^f ^d SCal 43. 

so scaling portions 46 and 48 at least partially soften. T his VIGS, 7-9 illustrate another embodiment of this 

post-temper or secondary hea tmg ot the su bstrates may be invention, where first or initial portions 51, 52 of edge se al 

from a temperature of from about W to 440^ C. (more inaterial (e.g. s older giass m slurry lorm ; arc proviaea onme 
preferably from about 37 5° to 420^ C, and most preferably lO substrates pre-temper and additional nnrtmn 54 nf edpe seal 

h^m about AW to 4 15" C.) tor a pcricxl of time of less than material is provided on the initial porUons post-tcmpermg. 

about two hours (prcterabry from about 0.5 to 60 minutes, '^'^e high temperatures achieved during tempering 

more preferably from about 10 to 40 minutes, and most (described above regarding the FIGS. 5-6 embodiment) of 

preferably from about 20 to 30 minutes). substrates causes at least part of the solder glass 51 and 

__. JL... r t^t . ' 52 to diffuse into or bond to the substrates. Thereafter, the 

This secondary h eatmg is preferably to a maximum . , , - * j * ^ - u •« / 

!r * P « 1 .1. substrates are onented to sandwic h pmars/s pac crs 39 th er- 

temperature that is substantially less than the maximum . . . . ^^^jr v..... ^ - i — — c 

' ^ . > ^ , . . V , . , , ebetween as shown m FIG. 7. Then, additional portion 54 of 

temnennp tem neratiire and which causes fjcilde r aUsR seal — -7-., , — . , . -3 — t — y 

^rmi'Miiiia r r V ,i T TTZ — 7 i * ^ penphcral/edg e seal matenal is dLspcnsed or deposited (e.g. 

nortions 46. 48 to at least partially soft en, but not conroletelv v-rf^ — . T" . 7 — - — nT IT u "^i-" v v & 

r-" -" 1 — _ ' . . ^ T — . . . ^ solder glass m slurry form as descri bed abo ve) opto the umt 

melt. Because the secondary heating is preferably to a r , — . — r : 1 — Tu "TZ — T- — 

— ^ 4 1 *u u * ACf\o , 11 u 9n Proxunate me cage mereot so as to contact bonded portions 

temperature less th an about 450 C, tem pered glass sub - 20 ♦ tt^^ o kaa •* ♦ 1 -T- ^ . - 

— * — — - . ■ / 1 . i7 ' — ^""^ t 51, 52 as shown in FIG. 8. Additional portion 54 is provided 

strates 33, 35 re tarn at least about 50% of their ongmal , a \ - ■ 1 r .i_ • • .1 

: J J — r ^. . " tu^ I around the entire penphery of the unit in approxunately 

temper strength (more preferably at leai^l &btiUl 00%, abd , . , , m on. r^r- o •* • *u u * ^ * 

ii^ ? — S ii . . .^r^Xi\ • . . L-shaped step area 53. The FIG. 8 unit is then heated to 

most preferably at least about 70%) after this post-temper or ^ / ^ j * * — \ — . — ttpto 

nda heatin rocess " leted post-temper or secondary temperatures less than about 450 
secon ary ea mg process i^ , fiQ i pp e^e ^ , ^ C. as described above so that seal portion 54 atJeast partially 

Still referring to FIGS. 5-6, as seal portions 46 and 48 softens and diffuses into or bonds to initial seal portions 51 

soften while contacting one another when post-temper and 52 thereby forming hermetic seal 43 . The final vacuum 

heated, the opposing substrates 33 and 35 are pressed jq ^^^^ ^ shown in FIG. 9. 

together to cause portions 46 and 48 to mesh or mold pj^g iUustrate'another embodiment of this inven- 

together to fom single continuous hermetic penpneraiTeaiT ^^at is the same as the HGS. 7-9 embodiment except 

as shown in Fia 5. In certam embodmienls^ one or' ^^^^ ^ion 52 is dispensed and formed partly on 

both of substrates 33, 35 may be pressed agamst the other 5^ ^ly on interior major surface 58 of substrate 

during the heating and deformation of the mitial seakng 35 ^^^^ ^ion 51 is partially located in step 

Durgg^ after this secondary heatmg step and 53 ^ially located in space 60 within the confines 

pressmg together 01 me suDsirate(s) 10 torm seat spa^ periphery of smaUest glass substrate 35. As in the 

37 piay be evacuated in any conventional metho(j,(e.g. usi^ embodiment, initial seal portions 51, 52 in the 

a pump-out tube, or assembhng the product m a vacuum embodiment are located in a manner so that 

chamber), with the resulting vacuum IG miit31 be mgshown additional seal portion 54 can diffuse thereinto and become 

m Flu. D. bonded thereto when applied post-temper and exposed to 

Preferably, in the FIGS. 5-6 embodiment, no additional ^ secondary heat less than about 450** C. 

seal material is dispensed onto either substrate after tem- pjQs 13-15 illustrate another embodiment of this invcn- 

pering. Initial portions 46, 48 contain all seal material yj^t is similar to the FIGS. 7-12 embodiments except 

needed to form seal 43 after reformation of portions 46, 48 ^hat glass substrates 33 and 35 are approximately the same 

during the post-temper heating step. However, in alternative a^^j juitial seal portions 51 and 52 are dispensed and 

embodiments of this invention, initial portions 46, 48 may ideated in slurry form on edges 56 and 59 of the respective 

be dispensed onto the substrates pre-temper and addiUonal substrates prior to tempering. After high temperatures 

seal material (e.g. solder glass sluny) may be dispensed or achieved during tempering of the substrates cause seal 

deposited on the subsU-ate(s) 33, 35 in the edge seal area portions 51 and 52 to diffuse into and bond to the respective 

pnor to the post-temper heating step where seal 43 is substrates, the substrates are positioned to sandwich pacers/ 

formed . pillars 39 therebetween as shown in FIG. 13. Additional seal 

It is noted that in the FIGS. 5-6 embodiment glass portion 54 (e.g. in wet slurry form) is then applied to contact 

substrates 33, 35 are approximately the same size. However, portions 51 and 52 as shown io FIG. 14. Application of the 

in alternative embodiments, substrates 33, 35 may be dif- post-temper secondary heat described above causes seal 

ferently sized to define an L-shaped step proximate an edge portion 54 to diffuse into and bond to seal portions 51 and 
of the unit Moreover, while seal 43 is preferably of or 55 52 thereby forming hermetic edge/peripheral seal 43 inter- 

includes ftised solder glass, the seal may be formed of or connecting the substrates as shown in FIG. 15. 

include other materials in alternative embodiments of this piG. 16 is a flow chart of certain steps taken in accordance 

invention (e.g. gold, platinum, silver, indium, and/or com- vviih any of the embodiments of FIGS. 7-15. This flow chart 

binations thereof. is not intended to be limiting, but is provided for purposes 

ITie division or bonding of solder material (e.g. 46, 48) 60 of example only. As illustrated, to begin with, non-tempered 

into glass (e.g. 33, 35) requires a much higher temperatiue glass substrates 33, 35 are provided at step 61. Then, at step 

than diffusion or bonding of solder material into another 63 initial portions of solder glass seal material 51, 52 are 

piece of solder material. By using the tempering furnace/ dispensed or provided (preferably in wet slurry form as 

oven to both temper glass subsU-ates 33, 35 and simulta- described above, or possibly in wire or other dry form in 
neously cause this diffusion to occur, at least any of the 65 alternative embodiments) proximate the edges of the respec- 

foUowing advantages may be realized: (i) process step(s) live substrates. Substrates 33, 35 with seal portions 51, 52 

and/or cycle time(s) are reduced; (ii) a lower temperature thereon are diien forwarded either individually or together 
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into a tempering fiirnace/oven and thermally tempered at 
step 65 at temperatures described above. At least parts of 
solder glass seal portions 51, 52 are caused to difflise into 
and bond to the substrates by the high temperatures utilized 
during the glass tempering process. 

Upon exiting the tempering fumace/oven, the substrates 
are manipulated during the unit assembly process to sand- 
wich an array of spacers/pillars 39 therebetween at step 67. 
Additional edge/peripheral spider glass seal portion 54 may 
then be dispensed adjacent to and contacting portions 51, 52 
at step 69 so as to enclose the ^ace between the opposing 
glass substrates 33, 35. The unit is then exposed to second- 
ary heating at step 71 as described above to cause seal 
portion 54 to difiiisc into and/or bond to portions 51 and 52 
in order to form hermetic edge/peripheral seal 43. is Fol- 
lowing evacuation of the internal ^aoe, a vacuum IG unit 
results. 

FIG. 17 is a flow chart of certain steps taken in accordance 
with the embodiment of FIGS. 5-6. This flow chart is not 
intended to be limiting, but instead is provided for purposes 
of example only. To begin with, non-tempered glass sub- 
strates 33, 35 are provided at step 81. Then, at step 83 initial 
portions of solder glass seal material 46, 48 are provided 
(preferably in wet slurry form as described above, or pos- 
sibly in wire or other dry form in alternative embodiments) 
proximate the edges of the respective substrates. Substrates 
33, 35 with seal portions 46, 48 thereon are then forwarded 
either individually or together into a tempering furnace/oven 
and thermally tempered at step 85. At least parts of solder 
glass seal portions 46, 48 are caused to diffuse into and bond 
to the substrates by the high temperatures utilized during the 
glass tempering process. 

Upon exiting the tempering furnace/oven, the substrates 
are manipulated during the unit assembly process to sand- 
wich an array of ^acers/pillars 39 therebetween at step 67 
so that opposing continuous seal portions 46 and 48 are 
approximately aligned with and contact one another. The 
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Once given the above disclosure, many other features, 
modifications, and improvements will become apparent to 
the skilled artisan. Such other features, modifications, and 
improvements are, therefore, considered to be a part of this 
invention, the scope of which is. to be determined by the 
following claims. 

I claim: 

1. A method of making a window unit comprising the 
steps of: 

providing first aix) second glass substrates; 
providing a first seal material portion on at least one of the 
substrates; 

thermally tempering the at least one substrate with the 
first seal material portion thereon; 

following said tempering step, providing a plurahty of 
spacers between .the first and second substrates; 

heating the first seal material portion to a seal forming 
temperature less than a maximum temperature 
achieved during said tempering step in forming a seal 
that defines a sealed ^ace between the substrates; and 

causing the sealed space to be at a pressure less than 
atmospheric. 

2. The method of claim 1, wherein said heating step 
comprises selecting at least a maximum seal forming tem- 
perature so that the tempered glass substrates retain at least 
about 50% of their original temper strength after said 
heating step is complete. 

3. The method of claim 1, wherein: 

said step of providing a first seal material further com- . 
prises providing a second seal material portion on the 
other of the first and second substrates, and providing 
the first and second seal material portions on major 
surfaces of the first and second glass substrates, respec- 
tively; and 

arranging the first and second substrates with spacers 
therebetween so that said first and second seal material 
portions are approximately aligned with and contact 
^,.^'^ne another prior to said heating step. 



alignment and contacting of seal masses or portions 46, 48 

encloses the space between the opposing glass subslrates33, ^ ^^^^^ P"^'' ^'"^ ^^^^^^ 

35. The unit is then exposed to secondary heating less than f ^' mc\hod of claim 1, further oompnsmg: 
about 450** C. at step 89 as described above while the 
substrates and beat-softened seal portions 46, 48 are pressed 
toward one another (both may be pressed toward one 
another simultaneously, or one may be pressed toward the 
other which is held stationary) to cause the opposing seal 
portions 46 and 48 to diffuse into and/or bond to one another 
in order to form hermetic edge/peripheral seal 43 as shown 
in FIG. 6. Thereafter, in certain embodiments a pump out 
tube may be used to evacuate sealed space 37 to a pressure 
less than atmospheric, so that the FIG. 6 vacuum IG unit 
results. Alternatively, the substrates may be sandwiched 
about the spacers 39 in a low pressure or vacuum chamber 
so that ^ace 37 is at a pressure lower than atmospheric after 
seal 43 is formed. 
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v^ps^ding a second seal m aterial portion on the other of 
the substrates prior to said tempering step; and 
after said tempering step, providing a third seal materiaL 
portion in contacting relation with each of the first and 
second seal material portions so that said heating step 
causes the first, second and third seal material portions 
to form the seal. 
5. The method of claim 1, wherein said step of providing 
the first seal material portion on at least one of the substrates 
further comprises providing the first seal material portion 
including solder glass material and in the form of a wet 
slurry. 



